. On the other hand, the earliest detailed microscopic description of these parts (3) stressed the fact that they have a spongelike internal structure so that only a small fraction of the plate volume is occupied by crystalline calcite. The lack of planar crystal faces in the morphology of the stereom did not appear compatible with the optical result that these plates were single crystals. However, optically only the c-axis and not the complete orientation (that is, at least one other crystallographic direction) had been determined (2). Single crystal x-ray methods corroborated the assumption of single crystals: The skeletal elements of adult, juvenile, and larval stages of recent species of echinoids were found to be monocrystalline (4). The only exceptions are the complicated polycrystalline teeth of echinoids (5).
The spongy nature representing an external shape not bounded by single crystal faces, on one hand, and the single crystal nature of the plates, on the other, lead us to the conclusion that the living part (stroma) of the echinoid acts on the growing stereom in such a way as to inhibit growth in certain directions. Thus the living matter determines the overall plate shape. The problem of plate and spine formation is, therefore, a special and possibly relatively simple case of the general biological problem of form determination, whereby the product is a single crystal with a known atomic structure while the stroma causing the crystallization is part of a chemically complicated animal.
In order to collect more information necessary for the understanding of the genesis of such "spongelike" crystals, more x-ray single crystal data have been obtained with the use of Laue and precession cameras, as well as an x-ray texture camera that can also be successfully used for polycrystalline materials, such as lamellibranchs and gastropods (6). The same objects investigated by x-rays were then studied with regard to their outer shape and their fracture surfaces in a scanning electron microscope (SEM) (7), which is particularly well suited to the investigation of objects with complicated surface morphology (8).
single crystal, as do also the recrystallized fossil skeletal units (2). On the other hand, the earliest detailed microscopic description of these parts (3) stressed the fact that they have a spongelike internal structure so that only a small fraction of the plate volume is occupied by crystalline calcite. The lack of planar crystal faces in the morphology of the stereom did not appear compatible with the optical result that these plates were single crystals. However, optically only the c-axis and not the complete orientation (that is, at least one other crystallographic direction) had been determined (2). Single crystal x-ray methods corroborated the assumption of single crystals: The skeletal elements of adult, juvenile, and larval stages of recent species of echinoids were found to be monocrystalline (4). The only exceptions are the complicated polycrystalline teeth of echinoids (5).
The fracture surfaces of Sphaerechinus granularis (Fig. 1) (Fig. 3) , which have a more regular network of trabeculae and lack mammillate shapes. Since Cidaris is the only Recent representant of the Perischoechinoidea (9), this seems to indicate that large systematic and phylogenetic differences are accompanied by While the outer shapes of the trabeculae are generally rounded, the fracture surfaces of single trabeculae are in part strictly planar, and their position with regard to the plate coordinates and the crystal axes known from the x-ray studies indicates that they are rhombohedral planes { 1011} (Fig. 4) .
The areas showing these cleavages are up to 0.1 mm in diameter and thus within the range of optical microscopy, especially in the specimens with relatively little "pore volume." However, the fracture surfaces show mainly what is usually called "conchoidal fracture" (Fig. 2c) . This is very unusual for calcite, fragments of which are normally completely bounded by cleavage faces, and it may explain why echinoid spines and plates show no preferred macroscopic fracture surfaces. A possible explanation is seen in the area marked by an arrow in Fig. lb as well Recent physiological findings (10) are compatible with the assumption, which is offered as a working hypothesis, that the collagen fibers found in the hollow spaces between the trabeculae act chemically as a substance that inhibits further secretion of calcite around them. These fibers, therefore, anus. In one specimen a pair of adjacent plates, lying on the morphological symmetry plane, show the two lattices rotated with respect to each other 60? around the c-axes, which approaches a twin relation to a high degree of approximation. This orientation relation is unusual because in some hundred echinoderm skeletal units investigated the crystals were always found to be single crystals without any twinning.
Measurements of lattice orientation were made by using the texture x-ray camera (6) 
